The purpose of this paper is to present the results of a sampling and analysis of
Introduction
Curricula of engineering programs slowly evolve in response to drivers including professional needs (as expressed by the discipline's FE exam content and body of knowledge (BOK)), accreditation, employer and other constituent input, and cost structure issues in higher education. The authors wanted to establish a point-in-time snapshot of curricula composition in engineering programs to establish how different engineering disciplines are using a finite supply of curricular hours. This snap shot should help curricular researchers in the future by providing a "baseline" against which to judge how: (1) drivers broadly shape different discipline curricula, (2) curricula evolve in response to changes in drivers, (3) different types of institutions respond differently to these drivers. Such an understanding can help inform policy development within these driver systems. For example, understanding how curricula respond to drivers may inform choices made in updating and modifying accreditation criteria, professional bodies of knowledge (such as ASCE's BOK), or curricula. Understanding engineering curricular responses to drivers, even in a preliminary way, may help institutions make informed decisions in response to future changes in accreditation standards, whether they are across all of ABET EAC or within a specific program. The first step to developing such detailed nuanced understanding is developing data describing how curricula are broadly composed; which is the focus of this work.
Data Collection
In order to collect a meaningful sample of relatively consistent curricula data, the authors selected Table 5 .1 in ABET Self Study Reports (SSRs) to be the source of data to mine (shown in Appendix 1). ABET INC was very supportive of this work and the authors would like to acknowledge their support. The data of interest were: total credit hours, math and basic science credit hours (and % of curriculum), engineering topics credit hours (and % of curriculum), general education credit hours (and % of curriculum), and other credit hours (and % of curriculum). While there certainly is some interpretation and variance in the supplied data, it is a uniformly recognized source among engineering institutions in the U.S. and throughout the world. Additionally, a well-developed review process insures relative comparability of the data. This data is private and secure under ABET provisions and; therefore, had to be mined with extreme care to preserve the anonymity of the individual institutions and programs. Moreover, due to the data being solely contained in program-by-program SSRs, the data needed to be manually extracted and anonymized. Therefore, a particular subset was chosen to balance resources required to mine the data by hand, the usefulness of the data, and the comparability of curricular data sets. ABET lists approximately 2530 accredited engineering program in the U.S 1 . The authors decided to limit this survey and evaluation to only the United States for reasons of consistency and known curricular traditions. Given a six year accreditation cycle, this equates to a approximately 425 U.S. engineering programs submitting SSRs per year (new programs and re-reviews will make this number even larger). The most recent set of complete reports that was available through ABET was 2015-2016 cycle of SSRs and we chose this single cycle for this initial survey. Finally, we selected three disciplines out of the approximately 28 ABET accredits. Civil, mechanical and electrical engineering were chosen because (1) they represent the three largest programs in the US in terms of numbers of undergraduate degrees awarded per year, and (2) they have substantially different program specific criteria. In 2014/2015, the US produced 107,000 graduates with BS degrees in engineering with: 24,436 in mechanical, 11,900 in civil, and 11,385 in electrical engineering 2 .
The data were collected from ABET headquarters in Baltimore during a single day visit. ABET staff had brought 153 SSRs from 72 institutions that met the criteria of having filed a 2015-2016 SSR in at least one of the selected disciplines. The data were collected into a prepared data table shown in Figure 1 . The ID numbers were randomly assigned to each institution after final data collection and all links to the institution name were immediately deleted from the data table before leaving the ABET facility. Only the credit hours in the four categories of "Math and Basic Science", "Engineering Topics", "General Education", and "other" were entered by hand while collecting data. The cross hatched cells in Figure 1 were calculated based on the entered data. The total hours were calculated and cross-checked against the reported value in Table 5 .1 While 153 SSRs were available, not all were appropriate to obtain a consistent data set. The data were omitted during collection for one of several reasons. First, a number of the reports were interim reports and did not contain Table 5 .1. Interim reports are partial reports responding to specific from a previous visit and did not contain Table 5 .1 as it was not relevant for that follow up report. Secondly, several "mechantronics" programs were intermixed in the files and they were removed as they were not one of the three selected programs. Thirdly Electrical Engineering Programs that contained the words "telecommunications" or "Computer Engineering" were removed as the ABET program specific criteria for those includes different requirements than electrical engineering alone. Finally a few programs were eliminated because their Tables 5.1 were not internally consistent or reported in non-standard format. After these real-time audits, curricular data from 121 civil (33), mechanical (43), or electrical (45) engineering programs from a total of 51 U.S. institutions were collected. The full set of this data is shown in the Appendix.
Data Analysis
Once the data set was established a number of research questions were addressed. The first question is: "Do different degree programs (e.g., civil, electrical, and mechanical) have different total hours?" Table 1 shows a comparison of total hours across the three disciplines investigated.
As can be seen the three different degree programs have on average the same total hours (verified with one-way ANOVA at P=0.05). Table ABET Table 5 .1 is constructed in terms of the minimum hours for engineering and math and basic science with the basic tenant that a curriculum is 128 hours ("the minimum of 32 hours or 25% of the total hours" see Appendices A1 and A2). With that basic tenant and the constant pressure on universities to reduce curricular credit hours to minimums allowed by accreditation, the observed total hours of ~129.5 conforms to the authors expectations that total credit hours would be near the 128 mark and not significantly different across engineering disciplines. . The next research questions to consider are "How are curricular hours distributed across the four categories?" and "Are they distributed differently across the three examined disciplines?" ABET general criteria (see Appendix A1) and ABET Table 5 .1 (Appendix A2) provide some expectations of minimum credit hours for math and basic science (32 hours or 25% of curriculum) and engineering topics (48 hours or 37.7% of the curriculum). The implication of this on the curriculum can be seen in Figure 2 . Figure 2 brings a follow-up question to light: "Once programs meet the minimum hours of engineering topics and math and basic science, how do they utilize the remaining 38% or approximately 48 hours of their curriculum, and do the three examined programs use them differently?" Table 5 .1
Before proceeding to review the analyzed data, the question may be asked "Why would one expect differences in credit hour distribution between these three disciplines?" ABET programspecific criteria for Civil, Electrical, and Mechanical Engineering are provided in Appendices B, C, and D, respectively. The program-specific curriculum criteria are presented in Table 2 below. A review of these program specific criteria shows both civil and electrical engineering specifically require statistics and that electrical engineering specifies math courses in more detail. Civil Engineering also requires chemistry, physics and one additional area of science. This would tend to imply that we might expect to see more math and basic sciences in the civil and electrical engineering programs. Civil engineering specifically mandates more breadth "four areas appropriate to civil engineering," "design…in at least two engineering contexts," and also explicitly lists different types of professional competency and design constraints. Thus, one may expect civil engineering programs to include more credit hours of engineering than the other two. Table 3 provides the average credit hours in each of the four categories of hours reported in ABET Table 5 .1 (full data, arranged per individual program are provided in Appendix F) for each examined discipline (civil, electrical, and mechanical). The percent of the total curriculum (on average) is also shown to indicate the distribution of hours within the curriculum. The range of hours in each category as well as the standard deviation and the coefficient of variation are shown. Table 3 clearly shows that in no category do the three discipline's curricula differ by more than two credit hours (less than one standard semester course). Full ANOVA testing verified this (except in the case of math and science hours where, though statistically different, the disciplines did only differed by 2.1 hours).
It is important to realize that general education in ABET terms is more limited than the conventional higher education definition of a general education core because math and science have been removed and treated in their own category. Not having a uniform definition across institutions, "general education" and "other" showed the most relative variation across institutions as demonstrated by the higher coefficient of variations. Given the broad guidelines for "general education" and "other" in terms of definitions and hours required, these were combined into a single category "General Education and Other (GEO)" in counterpoint to the well-defined and "math and basic science" and "engineering topics" that have minimum hours/curricular fraction specified. In summary, Table 3 indicates that despite reasonable expectations to the contrary, credit hours are (on average) not distributed differently for civil, electrical, and mechanical engineering programs across the U.S. 1 Avg % is the hours in subject divided by total hours in program averaged across all programs As significant differences were not observed between the 33 civil, 45 electrical, and 43 mechanical programs, the 121 programs can be treated as a single group or sample. These 121 programs showed the following distribution of credits: math and basic science 27%, engineering topics 51%,and GEO topics 22%. This distribution is shown graphically in Figure 3 . Comparing  Figures 2 and 3 clearly answers the question: "how programs spend the remaining 38% of their curricula?" All three examined disciplines utilize these discretionary hours similarly, with 2/3 of the 38% (or~32 hours for the average 129 hour curricula) on GEO subjects. All of the programs invest 1/3 of the remaining 38% (or 16 hours) on additional engineering classes. 
Discussion
Given that we can treat the three program types as one set of 121 programs, several additional anecdotal questions can be examined. One comment that sometimes arises in curricular discussions is "With our higher general education requirements, our total program hours must rise." Figure 4 explores this question by plotting total program hours vs. GEO hours. The plot as a whole shows that the average total program size is just under 130 credit hours over a very large range of GEO hours. The data set was divided into two pieces as there appears to be at least a qualitative difference in the plot at more than 36 credit hours of GEO. Neither trend is statistically significant, but if GEO hours have any impact on total credit hours, it is only when they account for more than 36 credit hours (nominally 27.5% of total curriculum).
Another comment that comes up frequently is "We have so much engineering credit hours that our total program hours must increase". Figure 5 indicates that, while there is a great deal of scatter, no significant trend exists between engineering hours and total credit hours. Total credit hours stay just under 130 hours regardless of the number of engineering hours. Given that total hours do not vary in any consistent way with engineering credit hours, the question now becomes "how can programs afford to offer more engineering hours." Figure 6 explores the relationship between engineering hours and GEO hours. Figure 6 indicates that at lower than 36 credit hours of GEO, Engineering hours decrease as GEO hours increase. This is not a statistically valid trend, but a qualitative observation. However, at more than 36 GEO hours Figure 4 indicates total hours may increase to accommodate the increase in GEO. Therefore, any relationship between engineering hours and GEO abruptly ceases at more than 36 credit hours as observed in Figure 6 . This points to at less than 36 hours of GEO credits, programs increase engineering hours without increasing total hours, tend to do so at the expense of GEO hours. Conversely at less than 36 hours of GEO, increasing GEO hours tends to decrease engineering hours.
One driver for hour redistribution may be the newly proposed ABET EAC criteria. The newly proposed ABET EAC Criterion 5 standards are reworded for 30 hours of math and basic science and 45 hours of engineering topics 6 . This is a de facto reduction of 5 credit hours. Figure 3 and the preceding discussions seem to indicate that total hours will not be reduced by these five hours, but that we may expect a rise in engineering topics credit hours. Table 3 makes clear that all three examined disciplines have (on average) nearly identical total hours and nearly identical engineering hours. Two observations are made about the use of engineering credit hours within the disciplines. Firstly, program-specific requirements (Appendix B and Table 2 ) tend to drive civil engineering programs to use their engineering credit hours more broadly to cover these four areas of civil engineering. Mechanical and Electrical do not have this prescription and, therefore, have more freedom to add more depth in their engineering hours. Secondly, the civil engineering FE requires students to answer in depth questions in six broadly unrelated areas of civil engineering practice. It appears that electrical and mechanical engineering FE topics are more vertically aligned than civil engineering and would be supported by deeper not broader expenditure of engineering course hours. These observations fall in line with those reported in a recent paper by Fridley 5 discussing the alignment of civil engineering curricula, the ASCE BOK, and the FE exam.
Findings and Conclusions
An initial credit hour survey for the three largest engineering disciplines was performed. We believe that this survey of data will provide a baseline for comparison of future curricular changes across and among engineering programs. The most significant finding is that both the total credit hours and the distribution of credit hours within a curriculum do not vary, on average, across civil, electrical, and mechanical engineering.
In addition several anecdotal finding were made, including that when GEO (general education and "other") account for less than 36 credit hours, programs with higher GEO content do not have larger total curricular hours. Observations indicate that GEO hours greater than 36 are associated with curricula that are larger than the national average of just under 130 hours. There Engineeing Hours
General Education and Other Hours
is no statistically significant relationship between number of engineering credit hours and total curricular hours across 121civil, electrical, and mechanical engineering programs. For programs of less than 36 credit hours of GEO, higher numbers of engineering credit hours are associated with lower GEO hours. All of these observations indicate that if less hours are mandated by accreditation or other drivers, those hours will tend to be replaced with additional engineering hours.
In the future the authors hope to expand the number of institutions involved and look at other program characteristics including: type of institution (private or public), regional accreditation body, the intensity of research activities, and other factors. 
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